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(54) LAMINATION-TYPE CERAMIC GAS SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the release, 
crack, warping, or the like between substrates in 
sintering and to ensure the high reliability of a sensor by 
continuously integrating a heater for heating a gas 
sensor at both sides of an internal empty chamber. 
SOLUTION; A gas sensor is used to detect the voltage 
between a detection electrode 2 and a reference 
electrode 3 that are mounted to one surface of a solid 
electrolyte substrate 1 and to measure gas concentration 
according to the voltage level. The detection electrode 2 
is installed in an internal empty chamber 4 that is 
surrounded by a ceramic body. The internal empty 
chamber 4 is provided with a gas introduction port 5 for 
allowing a gas to be inspected to disperse and flow in 
from a measurement atmosphere. The reference electrode 3 is an atmosphere reference 
electrode that is separated from the internal empty chamber 4 by a partition wall 6 and is 
arranged in duct 7 leading to the atmosphere. Heater substrates 8 are directly joined so that 
the internal empty chamber 4 and the duct 7 are held between. A heater 9 for heating the gas 
sensor is buried in each heater substrate 8 and is shielded from atmospheric gas and is 
integrated continuously at both the sides of the internal empty ch 
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* NOTICES * 

JPO and INPiT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Ciaim(s)] 

[Claim 1jAn electrode of a couple is provided on a zirconia solid electrolyte board at least, and 
at least one electrode of this electrode is installed in a building envelope which has a gas inlet 
which is open for free passage to a gas atmosphere to be examined formed of a ceramic body 
containing said zirconia solid electrolyte board, A lamination type ceramic gas sensor, wherein 
an embedding heater which heats the gas sensor concerned is reaily continuously formed in 
both sides of said internal vacant room in a gas sensor which measures gas concentration to 
be examined with a size of current which flows into potential difference inter-electrode [ this ] or 
this inter-electrode one. 

[Claim 2]The lamination type ceramic gas sensor according to claim 1 which is a gas sensor of 
structure which one side is a detection pole which has activity in oxygen and gas to be 
examined simultaneously among electrodes given in the preceding clause, and an electrode of 
another side of this electrode is activity only at oxygen, or is the reference pole formed into a 
duct which leads to the atmosphere. 

[Claim 3]The lamination type ceramic gas sensor according to claim 1 to 2 whose gas to be 
examined given in the preceding clause is nitrogen oxides shown by NOx with a chemical 
formula. 

[Claim 4]An electrode of a couple is provided on a zirconia solid electrolyte board at least, and 
at least one electrode of this electrode is installed in a building envelope which has a gas inlet 
which is open for free passage to a gas atmosphere to be examined formed of a ceramic body 
containing said zirconia solid electrolyte board, An electrochemical oxygen-pumping electrode 
provided on same or another zirconia solid electrolyte board is installed in another internal 
vacant room connected by said internal vacant room or a gas interconnecting opening, In 
structure fabricated in a duct which one side of the oxygen-pumping electrode concerned 
opens for free passage to the atmosphere. The lamination type ceramic gas sensor according 
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to claim 3 continuously characterized by really providing on both sides of a duct layer at both 
sides of an internal vacant room so that an embedding heater which heats the gas sensor 
concerned may really form said duct. 

[Claim 5]ln a duct which is open for free passage to the atmosphere in which one side of an 
oxygen-pumping electrode given in the preceding clause is installed. It is the structure which 
provided oxygen pumping for NOx conversion for changing into single presentation gas of NO 
or Nt> 2 electrochemical ly NOx which is gas to be examined, The nitrogen -oxides gas sensor 

according to claim 4 continuously characterized by really providing on both sides of a duct 
layer at both sides of an internal vacant room so that an embedding heater which heats the 
gas sensor concerned may really form said duct. 

[Claim 6]The lamination type ceramic gas sensor according to any one of claims 1 to 5 
carrying out heating control of the polar zone which a heater heating part on the whole surface 
of said statement is alike on the other hand, and a certain heater heating part is asymmetrically 
arranged across a field of an internal vacant room of said statement, and approaches most, 
respectively independently, respectively. 

[Claim 7JThe lamination type ceramic gas sensor according to any one of claims 1 to 6 by 
which a heater of said statement is a printed type heater embedded between zircon ia boards, 
and sinter bonding was really carried out via an alumina insulator layer between printed heater 
concerned and a zirconia board. 

[Claim 8JThe lamination type ceramic gas sensor according to claim 7 by which a heater of 
said statement is a printed type heater embedded between zirconia boards, and sinter bonding 
was really carried out to a porosity alumina insulator layer via a substantia-compacta alumina 
layer one by one between printed heater concerned and a zirconia board. 
[Claim 9]The lamination type ceramic gas sensor according to any one of claims 1 to 6 with 
which a heater of said statement is a printed type heater electrically embedded between high 
insulating ceramic substrates, and sinter bonding of the high insulating board concerned and 
the zirconia solid electrolyte board with which a sensor electrode part is installed was really 
carried out. 

[Claim 10]ln a lamination type ceramic sensor with which a sensor board and a heater 
substrate of said statement are sintered by one, The lamination type ceramic gas sensor 
according to any one of claims 1 to 9 characterized by composition which carried out fixed 
possession of the metal charge collector set as negative potential in lateral surface of a 
ceramic substrate embedding this heater. 

[Claim 11]A thermo couple for temperature detection of an electrode which used a printed type 
thermo couple more than a couple also [ electrode lead part / of electrode vicinity of said 
statement or the electrode itself / this /, and this electrode vicinity ] at least, and was formed is 
put side by side, The lamination type ceramic gas sensor according to any one of claims 1 to 
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10 controlling polar-zone temperature using the thermo couple electromotive force concerned. 



[Translation done,] 



>://www4 ,<i> f '!! t l i , i i in/tt i t> ejje mi • Updl.in.pit.go >/29/200< 



JP,2000- 1 804 10, A [DETAILED DESCRIPTION] 



Page ] of 10 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the ceramic gas sensor which detects gas 
concentration, such as NOx in combustion exhaust gases, such as gas in atmosphere, 
especially a car, HC, and SOx. 
[0002] 

[Description of the Prior Art] in recent years, all the solid type NOx sensors and HC sensor 
which insert directly and can perform continuation detection attract attention into automobile 
exhaust, and some research results are reported. In J P, 4- 142455, A, a detecting electrode and 
a reference electrode are installed in an ion conductor, and the mixed potential type NOx 
sensor which measures inter-electrode electromotive force in gas to be examined is proposed. 
Although sensitivity is shown [ this sensor } to NO or N0 2> since the sensitivity polarity to N0 2 

disagrees with NO, A mutual output cancels and suits in the gas to be examined by which NO 
and N0 2 live together, and when NO and N0 2 live together, they cannot be detected correctly 

separately. There is a fault with NO sensitivity small as compared with NO ? sensitivity and an 

output small at the time of NO detection. For this reason, the total NOx detection cannot be 
performed with the sensor composition of this as. 

[0003]To the problem of this total NOx detection, this invention persons provide the building 
envelope which is open for free passage to a measurement gas atmosphere between zirconia 
solid electrolytes as that measure, The total NOx sensor which gasifies NO in NOx or HO ? 

single to either, and detects it to it was proposed (the Japanese-Patent-Application-No. No. 
85419 [ eight to } specification, the Japanese-Patent-Application-No. No. 165105 [ eight to ] 
specification). This carries out lamination sintering of the green sheet, and forms one room or 
two can rooms or more in a zirconia solid electrolyte, It is a lamination type ceramic gas sensor 
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of the method which oxidizes NO to reduction or N0 2 by electrochemical oxygen pumping at 

least in the 1 interior of a room, and detects the single-gasified NOx. Proposing the NOx 
conversion pump which gave NOx activity to electrochemical oxygen pumping in this 
lamination sensor (the Japanese-Patent-Appiication-No. No. 329637 [ nine to j specification) 
thereby, NOx conversion ability has improved substantially. 
[0004]The printed type embedding thermo couple which, on the other hand, fitted the 
lamination type ceramic sensor using such a glee sheet apart from this is proposed. For 
example, the temperature of the electrode itself is detectable with sufficient accuracy by joining 
**** of a Pt-Rh system printing thermo couple to Pt electrode directly, as proposed on the 
Japanese-Patent-Application-No. No. 286234 [ nine to ] specifications. 
[0005] However, the heating method used conventionally, i.e., a heater and the heater 
substrate which embedded it, was provided only in one side of the solid electrolyte sensor. In 
the heater substrate of this one side arrangement, it will have big inclination in heat conduction 
from a heater, and was easy to produce the unevenness of temperature in the ceramic sensor. 
A lamination type ceramic sensor is a monotonous type, and when the electrode will be two or 
more pairs, a heating area increases and it has the problem that setting out of a heater 
resistance value and temperature control accuracy reservation will become difficult with one 
heater for bearing heating areas, in the structure which forms an internal vacant room by the 
method which laminates a green sheet and really sinters a heater substrate and a solid 
electrolyte. In order to also secure simultaneously the gas-seal nature of joining firmly, without 
a heater substrate and a solid electrolyte exfoliating, and an interna! vacant room, defects, 
such as a crack, must be eliminated thoroughly. However, with the heater of the conventional 
one side arrangement, there was a problem which exfoliation between substrates, a crack, 
curvature, etc. produce at the time of sintering for [ the ] asymmetry structural [ like material ], 
[0006] 

[Problem(s) to be Solved by the InventionJAs mentioned above, in the conventional lamination 
type ceramic gas sensor, since the heater and the heater substrate which embedded it were 
only what was provided only in one side of the solid electrolyte sensor, it tended to produce the 
unevenness of temperature in the ceramic sensor. In a lamination type ceramic sensor, when 
a heating area increased, since heating areas were borne with one heater, there was a 
problem that setting out of a heater resistance value and temperature control accuracy 
reservation will become difficult. With the heater of the conventional one side arrangement, 
there was a problem of being easy to produce exfoliation between substrates, a crack, 
curvature, etc. at the time of sintering, for [ the j asymmetry structural [ like material ]. 
[0007]This invention solves the problem in the above lamination type ceramic gas sensors, 
and a technical problem, and provides the new lamination type ceramic gas sensor which 
enabled an extensive improvement of temperature control performance, the yield improvement 
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by a sensor manufacturing process, and high-reliability reservation of the sensor. 
[0008] 

[Means for Solving the Problemjin view of the above technical problems, we solved a technical 
problem by the following means. Namely, as for this invention, an electrode of a couple is 
provided on a zirconia solid electrolyte board at least, At least one electrode of this electrode is 
installed in a building envelope which has a gas inlet which is open for free passage to a gas 
atmosphere to be examined formed of a ceramic body containing said zirconia solid electrolyte 
board, In a gas sensor which measures gas concentration to be examined with a size of 
current which flows into potential difference inter-electrode [ this ] or this inter-electrode one, A 
lamination type ceramic gas sensor, wherein an embedding heater which heats the gas sensor 
concerned is really continuously formed in both sides of said internal vacant room is provided. 
Since it is heated by this more nearly simultaneous than both sides (upper and lower sides) of 
a sensor plate, a temperature gradient in a board can make it very small, and temperature 
control nature is improved by leaps and bounds. Of course, there is no restriction in particular 
in a sensor applied, and even if it is which methods, such as a mixed potential type, a shade 
electromotive force type, and a demarcation current type, it has a serious application effect. 
[0009]Also in it, as a more effective sensor kind of this invention, It is an electromotive force 
detection type lamination type ceramic gas sensor of structure which one side is a detection 
pole which has activity in oxygen and gas to be examined simultaneously among the 
aforementioned electrodes, and an electrode of another side of this electrode is activity only at 
oxygen, or is the reference pole formed into a duct which leads to the atmosphere. It is more 
effective that a chemical formula of gas to be examined applies to a lamination type ceramic 
gas sensor which is nitrogen oxides shown by NOx also in it. That is, a mixed potential type 
sensor is most effectively constituted in this invention. Since the reason has the large 
temperature dependence of the mixed potential itself, it is because more exact sensor 
temperature needs to be controlled. 

[0010] An electrode of a couple is provided on a zirconia solid electrolyte board at least as 
sensor structure of this invention applied more effectively, At least one electrode of this 
electrode is installed in a building envelope which has a gas inlet which is open for free 
passage to a gas atmosphere to be examined formed of a ceramic body containing said 
zirconia solid electrolyte board, An electrochemical oxygen -pumping electrode provided on 
same or another zirconia solid electrolyte board is installed in another internal vacant room 
connected by said internal vacant room or a gas interconnecting opening, In structure 
fabricated in a duct which one side of the oxygen-pumping electrode concerned opens for free 
passage to the atmosphere, On both sides of a duct layer, both sides of an internal vacant 
room are provided with a lamination type ceramic gas sensor continuously characterized by 
really providing so that an embedding heater which heats the gas sensor concerned may really 
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form said duct. !n a duct which is open for free passage to the atmosphere in which one side of 
the aforementioned oxygen-pumping electrode is installed. It is the structure which provided 
oxygen pumping for NOx conversion for changing into single presentation gas of NO or N0 2 

electrochemical ly NOx which is gas to be examined, A nitrogen-oxides gas sensor 
continuously characterized by really providing on both sides of a duct layer at both sides of an 
internal vacant room so that an embedding heater which heats the gas sensor concerned may 
really form said duct shows a still more prominent effect. In this sensor structure, a duct for 
pouring oxygen in the atmosphere into the internal vacant room concerned electrochemically is 
formed. When not carrying out a diffusion limitation, oxygen supply by this duct is constituted 
so that that cross-section area may become quite large. Therefore, in heater heating only from 
one side of a sensor plate, a temperature gradient becomes large further and temperature 
control becomes difficult. When producing a sensor layered product, the asymmetry of 
structure becomes still larger, and it becomes much more easy to come out of defects, such as 
exfoliation at the time of calcination, and a crack. That is, in this sensor structure, these 
defective generating can also be suppressed by joining a heater substrate symmetrically with 
both sides of that sensor plate. 

[0011]On the other hand, about the heater substrate concerned, this invention is provided with 
the following composition. That is, it is the more advanced lamination type ceramic gas sensor 
of this invention to carry out heating control of the polar zone which a heater heating part on 
the aforementioned whole surface is alike on the other hand, and a certain heater heating part 
is asymmetrically arranged across a field of an internal vacant room of said statement, and 
approaches most, respectively independently, respectively. As the heater composition, said 
heater is a printed type heater embedded between zirconia boards, Structure by which sinter 
bonding was really carried out via an alumina insulator layer between printed heater concerned 
and a zirconia board, A heater is a printed type heater embedded between zircon ia boards, . 
Sinter bonding was really carried out to a porosity alumina insulator layer via a substantia- 
compacta alumina layer one by one between printed heater concerned and a zirconia board. A 
heater is a printed type heater electrically embedded between high insulating ceramic 
substrates more nearly further, When the high insulating board concerned and a zirconia solid 
electrolyte board with which a sensor electrode part is installed prevent leakage current from a 
heater by using a heater by which sinter bonding was really carried out, a lamination type 
ceramic gas sensor of this invention is provided effectively. Leakage current to a solid 
electrolyte can be made to decrease sharply notably by providing a negative potential charge 
collector for attracting leakage current in lateral surface of a heater substrate. At least a printed 
type thermo couple more than a couple as more effective composition of this invention to the 
aforementioned electrode vicinity. Or a thermo couple for temperature detection of an 
electrode which used also [ electrode lead part / of the electrode itself / this / and this electrode 
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vicinity j, and was formed is put side by side, and a controlling-using therm o couple 
electromotive force concerned-polar-zone temperature lamination type ceramic gas sensor is 
also provided. 
[0012] 

[Embodiment of the InventionJThe strycture of the most fundamental lamination type ceramic 
gas sensor of this invention is shown in drawing 3 from drawing 1 . Drawing 1 is a gas sensor 
of the method which detects the voltage between the detection pole 2 and the reference pole 3 
which were attached to one side of the solid electrolyte substrate 1 , and measures gas 
concentration with the size of this voltage. The substrates 1 with which the electrodes 2 and 3 
are being fixed at least in drawing 1 should just be solid electrolytes, such as zirconia. The 
detection pole 2 is installed in the internal vacant room 4 enclosed by the ceramic body 
containing said solid electrolyte substrate 1. The gas inlet 5 for gas to be examined to carry out 
diffusion flow ON of the internal vacant room 4 from measuring atmospheres is formed. The 
reference pole 3 is an air standard pole arranged in the duct 7 which is thoroughly isolated with 
this internal vacant room by the septum 6, and passes in the atmosphere. The heater 
substrate 8 is directly joined so that this internal vacant room and atmospheric duct may be 
inserted. The heater 9 is embedded at the heater substrate 8, and it is the structure intercepted 
from the controlled atmosphere. 

[0013]ln order to produce this sensor structure, the usually following lamination processes are 
used. For example, other substrates can use the same zirconia solid electrolyte for the above- 
mentioned solid electrolyte, using the zirconia solid electrolyte which is an oxygen ion 
conductor. 3-8 mo! of yttrias <Y 2 0 3 ) are usually added by the zirconia solid electrolyte, and it is 

used, improving ion conductivity. Using the green sheet of these zirconia solid electrolytes, the 
sensor structure which has the internal vacant room 4 is calcinated after lamination 
compression bonding, and is unified. In order to produce the above-mentioned zirconia green 
sheet, specified quantity combination of yttria and the zirconia is usually carried out, organic 
binders, such as PVA, and the solvent of those are blended further, a little dispersing agents 
are added depending on the case, and it fully kneads with a ball mill etc. Thus, sheet forming is 
performed so that it may become predetermined thickness with a doctor blade method about 
the made zirconia slurry, it cuts after drying this sheet in the sensor shape to laminate, and 
print formation of the insulating layers, such as alumina, is carried out using each paste by the 
electrode, a lead conductor, and necessity. An electrode material does not lose electrode 
activity at about 1400 ** which is the sintering temperature of zirconia, either, but uses the 
material which does not produce defects, such as exfoliation. With a common oxygen sensor, 
Pt electrode is used for this electrode by the gas detection in combustion gas. In this case, if 
the same Pt electrode also as the detection pole 2 of drawing 1 and the reference pole 3 is 
used, it will become a shade electromotive force type oxygen sensor according to the formula 
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of Nernst. 

[0014]On the other hand, in order to detect NOx, materials, such as Pt~Rh (3%) which has 
activity simultaneously into NOx and oxygen, are used for the detection pole 2. What is 
necessary is to have activity only into oxygen at worst in the reference pole 3, and Pt is usually 
used. It is the feature that inter-electrode potential difference is not applied to the formula of 
Nernst in the method by which this detection method is called mixed potential type. 
[0015]About the heaters 9 and 9, Pt paste is usually formed in the shape of a heater pattern by 
screen-stencil In using a zirconia green sheet for the heater substrates 8 and 8, it prints a 
heater pattern, after forming alumina insulating paste separately. This is because zirconia 
causes reduction degradation electrochemically with heater voltage. It is also because a 
sensor output will change if the current leakage from the heaters 9 and 9 happens and it flows 
into a sensor electrode. Of course, if contraction suits at the time of the calcination junction to 
the green sheet of a solid electrolyte, and the other green sheet, it is more preferred to use the 
high substance of electric insulation for this heater substrate material. 
[0016]Thus, when an electrode etc. make it pile up each of each other's sheet by which print 
formation was carried out and carry out heat crimping on a green sheet, Van Ida in a sheet 
joins together and a sheet pastes up. Sintering is really made by degreasing this and 
calcinating at a not less than 1400 ** elevated temperature. The heater substrate 8 
conventionally which is joined only the solid electrolyte substrate 1 side in which the electrodes 
2 and 3 are formed in drawing 1 at this time in structure. The structure is an upper-and-lower- 
Sfdes side of drawing 1 , since it is unsymmetrical. it is clear that it is easy to produce shrinkage 
distortion under the influence of the Pt heater material itself, and this invention structure also 
secures the symmetry. 

[0017jThe structure of drawing 2 is a structure which has arranged the detection pole 2 and 
the reference pole 3 simultaneously in said internal vacant room 4. A NOx sensor mixed 
potential type [ other than oxygen detection ] can measure gas concentration with this 
structure. Even in this case, it is necessary to form in the reference pole 3 by the electrode 
which is inertness, for example, Pt etc., in addition to oxygen. In drawing 3, potential is applied 
by an external power, and only oxygen ion is electrochemically discharged toward the anode 
electrode 1 1 from the cathode terminal 10 of the internal vacant room 4 which is an oxygen 
pumping electrode. At this time, if it has a diffused resistor which extracts the gas inlet 5 and in 
which gas carries out a diffusion limitation, demarcation current will be acquired. The oxygen 
density in measuring atmospheres is detectable with the size of this demarcation current. 
[00l8]The sensor structure of drawing 4 is the sensor which divided two more internal vacant 
rooms of drawing 1 into 4a and 4b, and equipped the plenum chamber with the oxygen 
pumping 12 and 13 for oxygen density adjustment of an interna! vacant room. Between a 
plenum chamber and an after room, when attaching gas diffusion resistance, the 
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interconnecting opening 14 is established. When the plenum chamber 4a is formed, oxidation 
removal of the interference gas in exhaust gas can be carried out, for example. It is the 
structure which formed the duct separately so that oxygen could be supplied out of the 
atmosphere, even when there was almost no oxygen into atmosphere, in such a case, it is 
clear that temperature distribution gets still worse In one side heating from the sensor board 
side. Even in such a case, if this invention sensor structure shown in drawing 4 using the 
heaters 9 and 9 is used, temperature control nature will improve extremely. 
[0019]Similat1y, in the mixed potential type sensor which has arranged the detection pole and 
the reference pole to the same internal vacant room, drawing 5 divides two more internal 
vacant rooms into 4a and 4b, and is the oxygen pumping 12 and 13 and the composition of 
having newly added the atmospheric duct. You may be one chamber structure which was 
thoroughly open for free passage between each ** in which oxygen pumping and a detection 
pole are formed. Drawing 8 is an example of the air standard type potential detection type 
sensor installed into the atmospheric duct which established the reference pole in the heater 
substrate side similarly. Drawing 7 shows the sensor structure in the case of a demarcation 
current type sensor similarly. In the structure of drawing 6. drawing 8 carries out the additional 
configuration of the 2nd oxygen pumping so that it may counter with a detection pole, it is 
made to function as a gas conversion pump which gave activity to this 2nd oxygen pumping to 
specific gas -- things can be carried out. Anyway, it is clear that such structures' increase of the 
number of lamination layer sheets and also temperature distribution worsen. It is clear that this 
invention structure is dramatically effective in these. When the number of lamination layer 
sheets increases, distortion of sensor structure becomes large and it becomes easy to 
generate exfoliation by a baking process, and a crack. It cannot be overemphasized by using 
the means of this invention also in here that these defects can be controlled substantially. 
[0020]The sensor structure shown in drawing 9 is sensor structure which consists of a gas 
sensitive detector part which consists of the detection pole 2 and the reference pole 3 which 
were established in the internal vacant rooms 4a and 4b, and the oxygen-pumping parts 12 
and 1 3 fixed to the internal vacant room by the atmospheric duct which introduces or exhausts 
oxygen from the atmosphere. However, the singie-sided heating method of the conventional 
method could not but adjust the roughness and fineness or heater-wires width of the heater 
pattern, when setting out from which the operating temperature of a detection part and an 
oxygen-pumping part differs, for example was performed. Therefore, a delicate temperature 
control and temperature distribution adjustment were difficult. In this invention, also although it 
is called the electrode in the same sensor by providing heater 9 heating to both sides of a 
sensor plate, respectively as shown in drawing 9. making the electrode heated most, 
respectively approach, and arranging, temperature setting becomes possible individually and 
higher-precision temperature control becomes possible. 
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[0021]On the other hand, it cannot be said that there is about a possibility that it is inferior 
conventionally about the influence of the leakage current from a heater since this invention 
sensor is a structure which uses at least two pairs of heaters. [ no ] It is desirable to carry out 
the additional configuration of the bilayer insulating-layer structure shown in drawing J Q to this 
invention as the correspondence policy. That is, the layer which increased most the rate of the 
air layer which is a high insulating substance by using porosity alumina for the 1st insulating 
layer that touches a heater is formed. Since the adhesive property with a solid electrolyte plate 
is bad, the 2nd precise alumina insulating layer is formed only in this porous layer. If 
constituted from a so-called alumina insulating layer of the two-layer structure, it is possible to 
reduce the leakage current from a heater further. 

[0022] When the leakage current from a heater needs to be reduced more, it is possible by 
forming the collector layers 15 and 15 shown in drawing 11 in the outside of the heaters 9 and 
9. This is because the leakage current can be compulsorily dropped on a ground by installing 
outside the charge collectors 15 and 15 by which bias was carried out to the heaters 9 and 9 
and reverse potential. Of course, since bias potential to the extent that the zirconia solid 
electrolyte 1 is returned is unnecessary, it can form the charge collectors 15 and 15 in a 
zirconia plate directly. Although an example is shown below and still more detailed explanation 
is given below, it cannot be overemphasized that the scope of this invention is not restrained 
by only this example. 
[0023] 

[Exarnple](Example 1) The zirconia powder which added 6 mol of yttrias (Y 2 O g ) was prepared 

for the solid electrolyte. PVA and an organic solvent were blended with this as an organic 
binder, and it put into the pot with a little dispersing agents, and kneaded with the ball mil! for 
50 hours. Thus, after applying the produced zirconia slurry to deaerator, sheet forming was 
performed so that it might become predetermined thickness with a doctor blade method. After 
drying this, the green sheet was cut so that it might be considered as the structure of drawing 
8. The internal vacant room parts 4a and 4b performed window opening on the sheet 1. The 
lead conductor and the electrode were applied by the alumina insulating layer, and Pt heater 
pattern was applied to the sheet 8 for zirconia heaters by screen-stencil again at the cut sheet 
for zirconia sensors, respectively. In order to form an internal vacant room, the window 
opening pail was filled up with the sheet of the subltmability substance at the time of green 
sheet lamination. Warm water medium-voltage arrival was performed so that isotropic pressure 
might be applied in warm water in these. It degreased at 600 ** among the atmosphere, this 
was calcinated at 1400 ** as it is, and the sensor sample A was produced. On the other hand, 
in order to compare with this invention structure, the sample B which does not form the upper 
surface heater substrate of drawing 8 was produced simultaneously. The sample appearance 
yield situation after calcinating to Table 1 is compared. As for this invention structure, it is 
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clearly clear that there are improvement in the yield by sensor production and by extension, an 
effect prominent after a sensor secures [ reliability }. 
[0024] 
[Table 1] 



8 2 10 0% 



[0025](Example 2) The normal article of the sample A produced in Example 1 and the sample 
B was taken out, and the sensor temperature controlling performance was compared. The 
samples A and B were set to the evaluation furnace at which 100 ** warm air is flowing, 
respectively, and temperature up of the warm air temperature was rapidly carried out to 300 ** 
from 100 *\ Sample temperature was made to control by a feedback circuit with the printing 
therm o couple really formed in the polar zone at this time, so that it is uniformly heated by 600 
** with a self-heater. At this time, the printing therm o couple output (temperature reduced 
property) of the polar-zone temperature change was monitored. A result is shown in drawing 
12. From now on, it will be clear that the direction of the sensor structure of this invention is 
excellent in temperature flattery nature so that clearly. 

[0026](Example 3) The sensor of the structure shown in drawing 8 like Example 1 was 
produced. However, about the heater substrate part, the insulating layer which consists of the 
two-layer structure shown in drawing 1 0 was formed between Pt heater and the zirconia sheet. 
The porosity alumina layer blended and kneaded alumina powder with a mean particle 
diameter of 0.5 micrometer, the organic binder, and the organic solvent in not less than 
99.99% of purity at the specified quantity, and was taken as printing paste. As an object for 
precise alumina layers, alumina powder with a mean particle diameter of 0.15 micrometer, the 
organic binder, and the organic solvent were blended and kneaded in not less than 99.99% of 
purity at the specified quantity, and it was considered as printing paste. Heater voltage was 
impressed so that it might become 600 ** with a self-heating heater about this sample. Heater 
voltage was changed and the heater leakage current which flows between the ground of the 
heater power supply at this time and a detection pole was measured. In order to compare 
insulation with this heater substrate, comparison sample C which excepted the porosity 
alumina layer in drawing 1 0 was also produced, and heater leakage current was measured on 
the same conditions. A measurement comparison result is shown in drawing 13. It turns out 
that the insulation of the heater substrate which has biiayer discontinuous construction clearly 
from here is high. 

[0027](ExampSe 4} With the insulating-layer composition of comparison sample C used in 
Example 3, the charge collector 15 by Pt printing was formed in the lateral surface of the 
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zirconia solid electrolyte board 1 under which a heater is laid. The constant voltage was 
impressed in order to give negative potential to this charge collector 15, as furthermore shown 
in drawing 11. The relation of the charge collector potential and heater leakage current which 
were measured in this state is shown in drawing 14. Heater impressed electromotive force was 
6.2V, and sensor operating temperature was 800 **, Charge collector potential was changed 
by 0 - -0.8V. Making the charge collector 15 into ground potential (0V) so that drawing 14 may 
show can also reduce leakage current considerably. Leakage current can be thoroughly made 
into zero by setting charge collector potential as heater potential and reverse potential. 
[0028] 

[Effect of the Invention]! n the structure of a lamination type ceramic gas sensor, and its 
manufacturing process, it is clear that this invention's there are the following operations and an 
effect. That is, since it has a source of heating to both sides of a multilayer-structure object 
plate with an internal vacant room, quick heat responsibility is acquired. Since a heater 
(substrate) is constituted symmetrically, defects, such as exfoliation of a substrate and a crack, 
can be lost in the process of carrying out lamination sintering of the green sheet, and the 
improvement of the yield and the reliability of a product can be improved substantially. These 
can demonstrate a remarkable effect, if the number of laminations increases. In the 
composition of this invention, by [ which put side by side a new biiayer insulating-layer 
structure or charge collector j impressing reverse potential with a heater to a charge collector 
further, the leakage current from a heater can be reduced substantially and the reliability of a 
sensor can be Improved, 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 




[Drawing 3] 
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[Drawing 7} 

' -4 




[Drawing 8j 




[Drawing S] 
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